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number 08/076,231, filed June 11, 1993. 



tier p OF TH E INVENTION 

This invention relates to the field of biotechnology and more particularly to 
polypeptides having antitumor, antiviral, immunomodulatory and other activities, DNA that 
codes for such peptides, recombinant vectors ma, include such DNA. host organisms 
Wormed with the recombinant vector that produces the polypeptide and theraoeuttc 
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application of the polypeptide. 

The publications and other materials hereof used to illuminate the background 
.f the invention, and in particular cases, to provide additional details respecting its practice are 
hereby incorporated by reference, and for conventence « numeric* referenced by the 
following text and respectively grouped in the appended bibliography. 

PArifflRffllNT " c TUt: INVENTION 

Human leukocyte interferon was firs, discovered and prepared in the form of 

verv erude fractions by Isaacs and Lindenmann (1, 2). Efforts to purify and characterize the 

serial have led to the preparation of relatively homogeneous leukocyte interferons de,-,d 

from norma, or leukemic (chronic myelogenous leukemia or "CML") donors leukoses. 



Uese interferons are a WT » f * 3 — abmty '° "* 3 VimS ' 

resistant state in their target cells. In addition, interferon can inhibit cell proliferation, modulate 

and malignancies. 

v „t r>NA technology, the controlled microbial 
With the advent of recombinant DNA tecnnoiog>, 

production of an enormous variety of useful polypeptides has become possibie. The workhorse 

in .he information encoded in the plasmid DNA is that retired to reproduce the piasmid 
„ origin of replication) and ordinarily, one or more selection characteristics such as, ,n the 
ease of bacteria, resistance ,„ antibiotics which perm,, clones of the host cel, co„,ainin g the 
piasmid of interest to be recogmzed and preferentially grown in selective media. The utthty 
! of plasmids lies in the fact ma, they can be specify Ceaved by one or another restriction 
i endonuclease or "restriction enzyme," each of which recognises a specific site in the DNA. 
> Heterologous genes or gene fragments may be inserted into the p,asmid a, the cleavage s„e. 
To construct vectors with specific sequences insened, DNA recombination is performed outs.de 
the eell, bu, the resulting "recombinant" plasmid can be introduced into ce.is by a process 
^own as transformation and ,arge quantities of the heterologous gene-containing recombinant 
0 plasmid obtained by growing the . Moreover, where a promoter which governs 

the transcription of the encoded DNA message, is properly placed upstream of a coding 



• ,„mr can be used to produce the polypeptide 
sequence or a gene, the resulting *P«— vector can be us P 

jo nmr^s referred to as expression. 
„ for which ure inserted sequence or gene codes, a process 

by ana hound by RNA pdymeras, ,n many cases promorer region, are overlapped by 

• «Kirh serve to regulate the frequency ot 
recognized by so-called repressor prote,ns v.h,ch serve 

m (mRNA) is * - — in,o a P o,y P e,,e havmg the amino acid sequence 
„ which fc DNA codes. Bach am.no acid is encoded by a nucleo.de or ,odon 

„„ px: a the 3' untranslated region. 
stop codons. and an addition* sequence of messenger RNA. 

„s bind ,o the binding s„e provided on ,e messenger .SA. in bac.eria or inaruyas 
si ,a, and ending a, ,e stop sign,. The desired product ,s produced ,f *e sequences 

, codon a» d if a„ remaining codons foilow ,e initiator codon ,n phase. The resuhmg^ 



eukarvotic cells as well as in intact animals and plants. 

^ te past several decades a la, 8 e nu.be, of human and animal interferons 

interf eron preparations, as wel, as in purif.ed form. Several individua, recombinant intertero, 
8 species nave been cloned and .pressed. The proteins have then been purged by various 

countn es H,1 W and T have aiso been approved for ciinical tria, and ,n some cases 
appr0 ved for therapeutic use ,56,74, The ma.r thesis underMn, clinica, use of the, 

oc m-aU ^ snecific growth factors, 
people. This is true for a large number of interferons as v,» spec . 

„• hormones clotting factors and other proteins that have been produced 
lymphokines, cytokines, hormones, cloning 

„ 721 , 22, 25-27, 29-34, 39, 40, 45-5!, 53-57, 62-64, 68-72). 

' R epo*s have su gg ested that H,,FN-c,A (also debated Hu-l^a and by 



undertook to identify interferons which are so unique.y characterized. For convenience the 
inventor began by screening known interferons, in particuiar. the sources of the severa, variants 
rf Hu-IFN-02 that have been described. As discussed more fclly below, i, was found that the 
source of two of the variants of Hu-IFN-o.2, Hu-.FN-o.2a and Hu-.FN.a2c, are no, present in 
normal individuals. Only Hu-lFN-a2b is found in normal individuals (79). 
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ncsrRIPTlON "F ™ DRAWINGS 

Fi2 . ,. Nucleotide and Amino Acid Sequence of Hu-lFN-aOOl. The location 
of ,he AM* site is underiined. The signa. peptide is show, as the 23 amino acids labeled -1 
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Fig . 2. Comparison of the Protein Sequence of Hu-lFN-aOOl with mat of Hu- 
iFN-ed. The signa. peptide represents the firs. 23 amino adds a, the amino terminus. 

fnr Hn-1FN-a001. The structure of the plasmid pHu- 
Fig. 3. Expression vector tor Hu-ir in awi. 

!?, 1FN , a0 0. is showu The Nsa site represents nucleotide position #1. The P. promoter drives 

ID 

j" expression of Hu-IFN-oOOl. 

H Fig. 4. SDS-Polyacrylamide Gel Electrophoresis of the Purified Hu-lFN-aOOl . 

Hu-lFN-aOOl L piaced in lanes 1, 2 and 3 in amounts of 3 u 8 , ..5 ug and 0.75 ug. 
actively. The columns labeled M represent the molecular weigh, markers with me values 
in ki.odal.ons given ,o ,he left of each respective molecular weigh, marker. 
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C11MMARV O" INVENTION 

An tensive anaiysis of no- in— from various ethnic and raca! 

roo ceU Hnes that were obtained from patients with disease, in particuiar, malignancies of the 
hemopoieuc system (79, These resu.ts iead the inventor to conciude that there is a new Cass 

^e maUsnancie, This discovery of a new Cass of interferons provides a wide variety of 

,• • i a twane-ntic use These interferons include not only 
potentially new interferons for clinical and therapeutic use. 

, u ipm r Hu IFN-Y and Hu-IFN-a. as well as other newly 
Hu-IFN-a species, but also Hu-IFN-P, Hu-1HN / 

descri bed interferons in other animais and specie, The observations su,es, that g rov,h 
t ac,„rs, cy^nes, iympho.nes, Cottin 8 factors, peptide and poiypeptide hormones, adhcston 

, • ivmnhnkines growth factors, adhesion molecules, enzymes, 
forms of all these cytokines, lympnokines, growin 

c ,o,ti„ g factors, peptide and poiypeptide hormone, etc. wi,. aiso occur in tumors and other 
r disease, Based on two present, identify members of this Cass (no, previous, record 
tf as such, these interferons are active, are as active as the standard motecuie, and ,„ fact have 
b een used effective, for therapeutic purges. A paper co-authored by the inventor and Listed 
Rafter as Reference No. 79 is particuiar, reiated to the invention and is incorporated herem 
bv ref erence insofar as may be needed for a fuH unders*ndin S of the invention. That paper 
20 U more fu„ described, and is furnished as an attachment to a contemporaneous, fi.ed 
Information Disclosure Statement. 
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«. . * c nPNkV are known to exist in humans. The IFN-a 
Four distinct classes of interferons (IFNs) are kno n 

i nf IFNs and are produced by stimulated peripheral 
family represents the predommant class of IFNs and are p 

. ». ~q ca 51 57.59 61, 63, 64, 68, 70), and lymphoblastoid and 
blood leukocytes (10-15, 17-27, 29, 50, 51, 57 5¥, 

r« ■ f IFN-a eenes from these cells has revealed 
5 mve loblast 0 id cell lines (28. 30. 60). Clomng of the IFN genes 

r -i ,on,i.tino of about 15 functional genes and four 
that IFN-a is encoded by a multigene family cons,stin = 

pyogenes (1, 26, 27, 29, 31, 50, 51,3, 5, 57, 61, 6, 6. 65, It has been uncertain 
wh ether or not some of the cloned human IFN-a genes and cONAs with few nucleot e 

, the Hu IFN-a ^ Hu-IFN-a2 and Hu-lFN-a2(Arg) genes, are allelic 
differences, such as the Hu-lbN aA. n 

tfD variants or represent distinct genes. 

a* indeed reDresent separate genes or are instead 
To determine if these sequences do indeed represen v 

a2 * Hu-IFN-a2(Arg) g enes *,e * — P*— - — **» 

p , xt , ■ rim cell lines from which the Hu-IFM-aA and Hu- 

I* examined from KG-1 (80) and Namalwa (81 ) cell line, 

IFN-cc2(Arg) cDNAs, respectively, were cloned. 

MODES FOR CARRYING OUT INVENTION 

1 f des were prepared bv the phosphoramidite method (82, 83) and 
, n Three oligodeoxynucleotides were preparea . 

p ■ , ,5. TGGGCTGTG ATCTGCCTC- 3 ) complementary to nucleotides l-> 
ourified (84). Primer 1 (5 -1 uuu<~ 1 u ^ 

P • u „ • n rV c\TG\TTTCTGCTCTGACAACC-3 > 

t0 14 2 at the 5" end was used w.th Primer II O 
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coo****, .o nuc.eo.ides 552 to 573 a, the 3- end » amplify *e desired nuclide 
fences. The DNA, as amplified by ft. po.ymerase chain reacion (PCR, wi* .his prime, 
pa ir was expec.=d to represent sequences front most of the !FN-a gene family (79). Thts 
corded PCR product was then used as tentpiate in a second amputation reaction with the 
s a m e 3- o.igonuc.eotide bu, with a 5' oligonudeo.ide specific for the human IFN-aA, IFN-a2 
and lFN-a2(Arg> genes on.y (79). The second reaction produced a product of 430 bp when 
Primer .11 (S'-AACCCACAGCCTGGGTAGo) comp.emen.ary to nuc.eoudes 144 to 16. was 
subs.ira.ed for the Primer .. The 430 bp DNA was purified and Coned into the fed site of 
pBluescrip.-SK- (S.ra,agene, LaJol.a. CA) as described (79, 85. 86). 

DNA of the p.asmids was prepared by ,he alkaline .ysis miniprep procedure (86, 87) 
from 1 ml cultures grow, overnight in LB medium confining ,00 «M ampiciUin. The 
r esu,tan. DNA pe..e. was sequenced by .he dideoxy chain .ermina.ion procedure (79, 88. 89). 
T „e reactions were run on 6% po.yacry,amide gels which were men dried and exposed .o 
X-ray film overnight a, room temperature with an intensifying screen. 

• prp. (RT-PCR) was used to analyze the expression of the 
Reverse transcriptase PCK (Ki-r<-rv 

isol ,ed a. 6 hours after induction from Sendai virus-induced KG-1 ce..s ,60) and a. 8 hours 
post induction from NDV-stimulated Namalwa cells (91, 92). 

DMA was ex.rac.ed from the human myeloblast ce.l line KG-, and from me 
, ymp hob,astoid Nantalwa ceU line by a modified of .he method of Pe.licer e, a,. (93). 
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After obtaining informed consent, human genomic DNA was prepared from whole blood 
samples collected from normal, healthy individuals by ammonium acetate precipitation as 
described (79, 94). 



METHODOLOGICAL BASIS FOR INVENTION 

The DNA from 11 normal individuals was amplified by nested PCR then cloned 
and sequenced as described above. The number of sequences corresponding to the various 
human IFN-a species is shown in Table 1. It can be seen that neither the sequence for the aA 
g ene nor the a2(Arg) gene was detected in any of the normal individuals examined in Uu, 
study. As show, in Table 2. however, the aA sequence was detected in the DNA from the 
KG-1 cell line, but not in Namalwa cells; and the a2(Arg) sequence was detected in the DNA 
from the Namalwa cell line, but not in KG-1 cells. 




Other 1 
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T Jerboa in*u» .« — i :«c>. 10-11 61. <><>. 100,. 



Frequency of IFN-o Clones 



TABLE 2 

From KG-1 and Namatwa Cell Lines 




Restri cUo» endonuciease anaWsis ,o deLec, te lFN-aA gene was aiso performed 
five of ,he individual from whom clones had been sequenced and on DNA 

examined by DNA sequencing. It was found tha< 



on DNA from 



from seven additional people that were not 



the restriction en 
showed no IFN-aA gene present (See Ref. 79, Fig. 2). 

PREFERRED EMBODIMENT OF INVENTION 

, ■ o analysis it can be concluded that in human DNA from a 
From the foregoing analysis, it can u 

♦ Th P snecies Hu-lFN-aA and Hu-IFN- 
wiae vari e t y of humans only Hu-.FN-.x2 ,s presen, The spec.es 

of rhe disease and,or rhe of ,he ce„ hnes in cuUure. - 

not£ , onh y « * egression of.se aUeies of Hu-,^ ^ - ~ 

I, lh l IFN-a species - comparab, Furthermore, > - - -ned ma, pane. «- 
, lh Hu-IFM-aA Produced a h ig her .eve, of an— an.i.dies — .reared 

HdKamaiwaceiisHU^, Some of , he new — produced by .e desc.bed 
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,• .•„„ Kv ,he antibodies produced in patients treated 
invention may be able to bypass neutrals by the anttbo 

. tK at patients wbo bave reiapsed because of neuron of »e ad— d ^ spectes. 

„ cw1 u u .iFN-a2 and its known variants 
While the inventor has, for convenience, used Hu IFN aZ an 

„ esl ab,isbin g bis bypebesis o f tbe existence „ f a Cass of super or M mor in,erferons. i, 

, .-a c Illustrative of this conclusion is the extraordinary 
interferons, as well as other polypeptides. Illustrative 

■ f , of the IFN-a2 and <xA genes in KG-1 cells - i.e.. 
hi°h percentage of variant forms ot the IFN a/ 

u m he explained by experimental error, as shown in the column 
(16/41). much more than could be explained oy P 

labeled "Other" of Table 2. 

can be appiied to any prote, ,n tbe senera, case, a pri m er pair is cbosen to 
„ss par, or a» o f tbe nucieotide codin 8 seance * .be use or 0» * *- ~ ~ 

fenced. Tbe amtno acd science predicted by tbe nucieotide seance so obtamed . 
„ different from - protei, „ norma, — are tben Coned in appropr^ 

ctera cte ri2 ed. Tbose * desirabie activities are *en deveioped for —tic u, 

Tbe on g in of One tumor interferons or super interferons is — . Ye, 
dear Ota, tbey are deveioped dur,n g ,e patnoio.ca, process. „ is beiieved » : « ~ 
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The presence of allelic forms of IFN-<x2 in the KG-1 and Namalwa cells is most 
noteworthy. DNA from leukocytes from normal individuals did not contain these variants. 
Because both the KG-1 and Namalwa cells originated from patients with leukemia or 
lymphoma, it is believed that this alteration is an early change in progression of these diseases. 
Indeed, it has been reported that there are significant gross changes in restriction endonuclease 
digestion patterns for the IFN-a genes in acute leukemias (125. 126). 

The disease mechanisms involved in developing malignant cells and selection 
of those cells produce a wide variety of genetic changes in the resultant tumor cells. In order 
for cancer cells to grow unfettered, to escape the normal controls and to metastasize, the usual 
regulatory network of the immune system, involving growth inhibitors as the interferons and 
growth factors and hormones, may be modified. The control of cell growth and nonmalignant 
behavior is a delicate balance of many regulatory factors, a few of which gone astray can alter 
the normal growth patterns. Although it has been reported that changes in the DNA of cancer 
cells occurs, the changes have been focussed on oncogenes and tumor suppressor genes that 
lead to the malignant phenotype. The inventor has provided data that the changes are more 
pervasive than expected, not merely those changes focussed on oncogenes and tumor 
suppressors. Furthermore, by genetic changes (mutations in DNA) and selection of tumor cells 
for aggressiveness, many alterations will be embodied in the final tumor cell population. The 
new proteins produced will have lower, the same or higher activities than the normal proteins. 
By identifying those modified proteins associated with changes in activity, it will be possible 
to identify those proteins with new and/or enhanced activities. 
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From an analysis of initial clones obtained from the KG1 cell line (53, 54, 63), 
it was shown that seven, abnormal interferons exist in this cel. line (also see ref. 61 for lis. 
of IFN-a species). This is especially evident in that <*B (no. previously recognized as an 
abnormal interferon) has an insertion and compensating deletion making an abnormal protein 
tha t differs from Hu-IFN-o.8, the normal counterpart. The presence of an insertion and a 
compensating deletion producing a norma, sized molecule suggests some enormous selective 
pressures to produce these interferons. The fact tha, an insertion and a deletion would be 
incorporated into a mo,ecu!e simply by random stochastic processes without external pressures 
is highly unlikely . Thus, these modifted interferons are seen to represent an entire new family 
of molecules that have been developed under the pressure of enormous external forces to 

provide for the selection of these species. 
I With respect to the interferons produced by mechanisms to enhance or combat 

the disease process, some may indeed have unusual properties and may be more active than 
5 „me of the interferons produced by norma, cel., For examp.e, since interferon is a grow* 
inhibitory molecule, production of a new interferon that could down regulate the receptors for 
in.erteron in cells and help select for cells without interferon receptors or low levels of 
interferon receptors may enhance the disease process. Such interferons could also help select 
cells with an altered signal transduction mechanism, but normal receptor number. Thus, a cel. 
producing spontaneous* some interferon, could be expected to have initially a low level of 
reC ep,ors due to down regulation and its grow* w,».d likely be reduced. Nevenhe.es, during 
the multiplication of such cells, cells would be selected that would have .ow levels of receptors 
so that thev could escape the inhibition of the endogenous interferon. The same wou.d hold 
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for a wide variety of other molecules such as cytokines, iymphokir.es, tumor suppressors, 
growth factors, ami-growth factors, matrix moiecules. hormones, angiogenic factors, clotting 
factors, etc., all molecules that can control grow* and/or measures in one manner or another. 

The altered proteins described herein are found in tumor cells or cultured cells 
obtained from rumors. Furthermore, selection of ceU-lines in culture can also produce some 
of the alterations as selection in mo. 

CLONING OF Hu-IFN-aOOl 

A new interferon was amplified from the genomic DNA of KG-1 cells (ATCC 
CCL 246) based on the strategies outlined hereinbefore and by the procedures described herein 
and elsewhere (79). The primers used to amplify the genes are shown in Table 3. The 5' 
primer contains an Apal site, and the V primer contains an Xbal site for Coning. The PCR 
reactions were carried out in 50 ul with 100 ng KG-1 template DNA. 100 „ g of each primer 
,6431 and 6432), 0.2 mM of each dNTP. and 2.5 units of Taq DNA Polymerase for 30 cycles 
of 94-C 30 seconds. 50°C 30 seconds. 72°C 30 seconds in the Perkin Elmer mode. 9600 
thermocycler. Products of the PCR amplification were cloned into the Apal and Xoal sites of 
p,asmid pBluescrip, II KS+ (Stratagene) and then transformed into competent E. coli strain 
DH5« cells. Competent cells were prepared in 12% PEG and 36% glycerol in Luria-Bertani 
m edium (L-broth medium, 10 g tryptone, 5 g yeas, extract, 10 g Nad. pH 7.3) from Digene. 
(Silver Spring, MD 20904, Ca, No. 3500-1002) as described 027). P.asmid DNA was 
isolated from 2.0 ml of overnight cultures grow. a. 37°C by a modified alkaline lysis 
procedure as reported ,128). The size of the inserts was determined by diction whh 
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restriction endonucleases Kpril and 



A total of 10 independent colonies were 



Sad that flanked the cloning sites in the vector pBluescript. 



identified that contained a 700 base pair insert. 
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Table 3 

Primers for PCR Amplification 




25 



The DNA from one of .he Cones (plasmid pBSOO.) »as sequenced in bo.h 

Sequencer (DuPon., W,.m,ng,on, OH, - *■ — * 4 * "** 

pre .„us. y report « P— * *— ' 

sequence represents the 3' end. 

The sequence so defined is designated Hu-lFN-aOOi and is **» in F,g. 
, ^ locat io„ of te action endonuciease region sue ,5' CAGNNNCTG 3', 
tot .as used for <he spUcing of .he H^-oOO. insert in.o A. expression vec.or TGATG 
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Table 4 
Primers used for Sequencing 



Designation 


Sequence 


Primer 
No. 


Position in 
Hu-IFN-aOOl 


Direction 


IFN-A1 
IFN-A2 


CTTGAAGGACAGACATG 
rTftTCCTCCATGAGATG 


6942 
6941 


157-172 
233 - 249 


F ' 
F 


IFN-A3 
IFN-A4 


GGTCATTCAGCTGCTGG 
TCCTCCTTCATCAGGGG 
ATTAACCCTCACTAAAG 
"j TAATACGACTCACTATA 


6940 
6939 
T3 


339 - 335 
397 - 413 
Vector 


R 1 

R 

F 


T3 
T7 


'l_ T7 ■ 


j Vector 


R 



A „ primCT s *e *own fro* 5' to T oHen^on ™ "^7^ M -r- - reverse, 
of sequencing with respect to the sequence of th * H > ■ • ^ ^ fcy ^ 

Oligodeoxynuc.eotides were synthesized on an Apohed B.osystem D. . 
phosphoramidite method (83,130). 

A comparison of the protein sequence 1d> other human interferon alpha species 
(H u-.FN-a, demonstrates tha, Hu-.FN-o.00, is most cioseiv related to Hu-IFN-aJ. That 

Has been previous, reported (6,). There are a tota, of si. amino acd chances compared to 
Hu-lFN-ctJ. The data clearly demonstrate that this tumor derived Hu-.FN-a species is different 
from m other Unown Hu-lFN-a species previous,, reported. Furthermore. ., vvouid no, have 

^rations in these six positions is 20° or 64.000,000. One of the amino acid changes is m the 
sig „a, peptide sequence; the remaining five ahemations are in the mature protein. H » also 
„ „e emphasized tha, the derived Hu-IFN-a species presented here is a natura, interferon 
ae ri vedftom,umorceUs..,,sno,as>n,ho,ic construct prepared ,v sim F i>—n, six posn.cn, 
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Expression of the Hu-.FH.a001 gene was accent in two steps. The 

pla smid pBSOO, was digested w,th — — ** (5 ' - ° f HU ~ 01 
„, The «* ends were made Hunt * incubation * T4 DNA Phrase in the 
following reaction mixture: 1 ug of DNA; 33 mM Tris acetate, pH 7.9; 66 mM potassium 
5 K e,ate; ,0 mM magnesium acetate; 0, mM dithiothreito, ,00 BSA (Wine serum 

„: , mM of each of the four dNTPs; , un.ts of T4 polymerase «*- »- 

a00 , seouence) to release the insert c„„,ainin 8 the Hu-l^OO, sconce. The DNA 
l8 fragmentswerethenpurineaasaescr.ea^, The TGATG vector was prepared 
• ^ restrict endonudease Sacl, followed h, prepanng Hunt ends wrth T4 DNA polymerase 
S as deseed ahove, and then digested with region endonuclease The fragment 

1 coning the Hu-IFN-a001 insert was then hgated to the pTOATO e.press.on vector (U * 

Rested with restriction endonucleases » - »- - determine the sUe of the inse, 

plasmids for Hu-IFN-aB2 and Hu-IFN-aA/D (131). 

„a;„o Hq-IFN-oJ and Hu-IFN-o.001 contain an 
The nucleotide sequences encoding Hu-lrf. 

«001, there is a second AIWM site in the vector itself. 
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1„ addition, because .he AIM recognition sites (CAGNNN"CTG) have tee 
unspecified nucleotides (NNN) in the J- overhang, the relations are specific artd asymmetric. 
Accordingly, pTGATG vectors (129) encoding Hu-.FN-aJ and Hu-.FN-o.001 were digested 
with res.ric.ion endonuclease AhM to isolate fte large vector and Hu-lFN-aOOl 0- end) 
fragments, respectively. The Hu-lFN-aOO. fragment was men ligated into the vector fragment 
from piasmid pHu-lFN-aJ to yield the £. coU expression vector pHu-IFN-aOOl. as show, in 
Fig. 3, which was transfected into competent E. coli (DH5a) cells (86). 

Plasmid pHu-IFN-o^f is deposited with the American Type Culture Collection 

&TCC) a. 12301 Parklawp^ve. Rockville. MD 20852: Accession number: ; Deposit 

date June 7. 1994; ^esignated as plasmid pHu-IFN-aOOl (£. col, DH5a P Hu-lFN-a001 

as the host vectof system). 

The E coli (DHJct) cells containing the expression vector pHu-IFN-aOOl were 

grow, in 875 ml of Medium A overnight a, 30°C in one 2 liter fiask with rotary shaking. 

Medium A consists of KH : PC, (4.5 g,U Na : HPO,7H : 0 (18.9 g,l). NH.C (1.5 g/L), NaC. 

(0.75 gl). glucose (.5 g'L). casamino acids (7.5 g^». MgS0 4 .7H : 0 (0.369 g/L), vhiamine 

hvdrochloride (0.0015 g'L). leucine (0.04 pU proline (0.04 gl) and ampicillin (0.05 g-T) 
adjusted to pH 7.4. The overnight culture was used to inoculate 22.5 liters of Medium A in 
a fermentor. The E. coli confining the expression vector were grow. at 30=C until the A,,, 
reached 7.0 a. wWch time the temperature was raised to 42°C. The cells were harvested 3 hrs 
after temperature induction at 42»C by cenmfugation and cell pellets divided into 50 g portions 
prior to freezing a, *C. The cells were stored a, -80X until used for preparation of 
interferon. 
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PURIFICATION OF Hu-IFN-aOOl 

For purification of Hu-IFN-aOOl, frozen E. coli cell paste was thawed by 
suspension in .0 vo.umes of Buffer A (50 mM Tris-Hd, pH 8.0, 50 tnM NaCl, 10 mM 
EDTA, 0.1 mM PMSF, phenylmemyUufonylfluoride). After the addition of egg white 
isozyme (0.2 mg/m.) «he suspension was sonicated four times with 30 second bursts while 
kept in an ice bath, then incubated a, 23«C overnight while stirring vigorously to eliminate 
viscosity contributed by DNA. The suspension was centrifuged for 20 minutes at .2.000 rpm 
a, 4°C. The pellet was resuspended again in 10 volumes of Buffer A with 1% Triton X-.00, 
50 mM EDTA and 0.5 M NaCl and incubated for at leas. 2 hours (2 - 16 hrs) at room 
temperature with shaking and then centrifuged for 20 min a, 12.000 rpm a, 4-C. Once again, 
the pellet was resuspended in 5 volumes of Buffer A with 0.5 M NaCl and incubated for 60 
min a, room temperature with shaking and then centrifuged for 20 min at 12,000 rpm a. 4°C; 
,he supernatant was discarded. The pellet was dispersed in 2 volumes of Buffer A in the 
presence of a mi«ure of oxidized/reduced forms of glutathione (0.2 mM/2.0 mM) and solid 
guanidine-HC, (2.5 times bacteria, weigh,, was added and the solution was stirred a. room 
remperature for 7 hours. After thi, the mixture was diluted tenfo.d with Buffer A and allowed 
,„ s«nd overnight. Renaturation of the interferon was carried out by very slow addition of 7 
M guanidine-HCl to 0.7 M. The refolding of Hu-IFN-aOO. in solution takes more than .5 
hour, Since Hu-IFN-aOOl contains two disulfide bond, mis step involves slow oxidation of 
me protein during dilution from guanidine-containing solution. Then suspension was men 
centrifuged to remove debris. Solid (NHOiSO, was added to the supernatant to a final 
concentration 1 M. and the solution, after clarification by centrifugatio, was loaded a, 5 
m ,min onto a column tPharmacia XK 26 20 ».8-,OO0-72» packed with .00 ml of the sorben. 
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Pheny.-Toyopear, 650 S (20-50 ,m) (Supelco, #8-14477: .00 g), previously equilibrated with 
3-4 column volumes of Buffer B (50 mM Tri,HC., P H 7.4, 0.5 M guanidine-HCl and 1 M 
(NH 4 ),SO ( . Ue column effluem was monitored at 280 nm. After loading, the eo.umn was 
washed with Buffer B until the A 2M of me effluent returned to near byline level and men was 
eluted sequential* with 2-3 column volumes of Buffer C (50 mM Tris*HCI, 0.5 M 
auanidine-HCl. 0.6 M <NHWK» with which the Hu-.FN-aOO. was eluted. Peak fractions 
s„„,i M maximum bands of Hu-IFN-aOO! on SDS-polyacrylamide gel electrophoresis were 
pooled. The Pheny.-Toyopear, column was regenerated „ sUu with .00 m. 0.5 M NaOH and 
, M NaCl solution: and was stored in 0.0.% sodium azide. Fractions with Hu-.FN-OO. as 
ra easured bv antivira, activity and/or gel electrophoresis were pooled and concentrated .0-fo.d 
„ ith an Amicon Centriprep ,0 concentrator. The so.ution was then diluted 3-foid with Buffer 
D CO mM Tri,HCl, P H 8.0, 5% glycerol) and was loaded onto a FPLC monoQ HR 10/.0 ion 
exchange eo.umn (Pharmacia * .7-0556-0.) eo.ui.ibra.ed with Buffer D. The column was 
Ka *ed with about ,0 ml of Buffer D unti. the A :M reached base.ine. E.ution of Hu-.FN-aOO, 
K as accomphshed with a linear gradient of Buffer D and Buffer E (Buffer D p.us . M NaCl) 
at a How rate of ,.5 ml/min from 0 to ,00% Buffer E over 3 hours. The Hu-.FN-aOO, was 
elmed at 0.15 M NaCl in a single peaK. The fractions were pooled, a^yzed by sodium 
dodecvlsulfate (SDS) polyacrylamide gel electrophoresis and assayed for antiviral activity. 
From 6 g of bacteria, pelle, (wet weigh,,, about 8-,0 mg of purifted Hu-lFN-aOO. was 
obtained. 

The purifed protein was mixed with 15 u, of SDS samp.e buffer (0.5 M 
Tri,HCl. P H 6.8, .% <v,v) B-mercaptoethano., ,% (w/v) sodium dodecylsulfate (SDS). .2% 
u ,, ^corol. : mM ethy.enediamine.etraaceuc acid ( EDTA). brompheno, blue, in a total 



r 

20 



volume of 35 ,1. The solution was boiled for two minutes after which 25 ul was loaded onto 
a H.5% polyacrylamide gel with a 4% polyacrylamide sacking gel. The separating gel was 
buffered in 0.3 M Tris-HCl, 0.08% SDS, 2 mM EDTA, pH 8.8. The stacking gel was in 0.065 
M Tris-HCl, pH 6.8, and 0.05% SDS. The chamber buffer was 25 mM Tris-HCl, 0.1% SDS, 
0.2 M glycine. Electrophoresis was carried out for 1 hour a, 150 V, 20 mA in the BioRad 
miniproteian II apparatus (132). The gel was stained with Coomassie Blue R-250 (2.4%. w/v. 
Coomassie Blue in 45% methanol, 9%, v/v, acetic acid) for 1 hour a. room temperature; and 
destained in 8% acetic acid. From SDS-polyacrylamide gel electrophoresis it was apparent that 
,he purified Hu-IFN-aOOl migrated with a M. of 20.000 as show, in Fig. 4. As indicated in 
,ha, figure. Hu-IFN-ccOOl was placed in lanes 1, 2 and 3 in amounts of 3 ug. 1.5 u 8 and 0.75 
ug, respectively. The columns labeled M represent the molecular weigh, markers with the 
values in ki.odaltons given to the left of each respective molecular weight marker. As can be 
iS seen, the Hu-IFN-aOOl exhibited a slightly slower mobility than Hu-lFN-aJ on SDS- 

0 polyacrylamide gel electrophoresis (SDS PAGE, ref. 132). 

1 Antiviral activity of Hu-IFN-aOOl was assayed on bovine MDBK and human FS7 cells 
„«, vesicular stomatitis virus (VSV) (Table 5) as described previously (.33). The antiviral 
units were determined with respect to the human IFN-rxA international standard GxaOl-901- 
535. There was approximately equal antiviral activity on human and bovine cells (Table 5) 
as is seen with many Hu-lFN-a species (17.27.30.100.103.134). 
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Table 5 
Antiviral Assay of Interferon 
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Herein has been described an entire new class of molecules designated as super 
proteins, proteins no. present in normal cell, but present in the ce.ls in various diseased states 
and a method for identifying, producing and expressing such molecules. Although the present 
embodiment of the invention has been descried in de.il. it should be understood that various 

changes, alterations and substitutions can be made therein without departing from the spirit and 

scope of the invention as defined by the appended claims. 
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